Thanks to the focus point phenomenon, it is quite natural for the minimal SUGRA model to have a large soft scalar mass (m 0 > 1 TeV). A distinctive feature of this model is an inverted hierarchy, where the lighter stop has a significantly smaller mass than the other squarks and sleptons. Consequently, the gluino is predicted to decay dominantly via stop exchange into a channel containing 2b and 2W along with the LSP. We exploit this feature to construct a robust signature for this model at the LHC in leptonic channels with 3-4 b tags and a large missing-E T .
The minimal SUGRA model represents the most attractive model of low energy supersymmetry in terms of simplicity and economy of parameters [1] . Besides it can naturally account for the electroweak symmetry breaking as well as the suppression of flavour changing neutral current effects. The basic parameters of the model are m 0 , M 1/2 , A, B and µ -i.e. the soft supersymmetry breaking scalar and gaugino masses, the trilinear and bilinear couplings, along with the supersymmetric Higgs mass parameter. The last two can be determined in terms of the two Higgs vacuum expectation values, v 1 and v 2 , using the two minimisation conditions. The first one determines the B parameter in term of for tan β > ∼ 5. Moreover, contrary to some earlier apprehensions, a large value of m 0 seems to lead to a cosmologically interesting dark matter density [5] . Besides a large m 0 would also alleviate the potential conflict of the minimal SUGRA model with the electric dipole moments of electron and neutron [6] . Thus the minimal SUGRA model with a large soft scalar mass (m 0 > 1 TeV) seems to be attractive both on theoretical and phenomenological grounds. We shall analyse the signature of this model at the large hadron collider (LHC) by exploiting the distinctive characteristics of the large m 0 limit. Indeed we shall see that they lead to a more robust signal at LHC compared to the canonical SUGRA model.
The Model
For qualitative understanding of the model it is instructive to look at the approximate expressions for the electroweak scale scalar masses in terms of the universal soft mass parameters at the GUT scale. We shall neglect the GUT scale A parameter, which is unimportant for the present consideration; and assume not too large tan β where the b Yukawa coupling is relatively less significant. Then analytic solutions to the one-loop RGE give
where U and Q refer to the 3rd generation singlet and doublet squarks [7] . Here
where the subscript f denotes the fixed point values of the top Yukawa coupling and the corresponding tan β at the electroweak scale. The numerical coefficients of y in (3) 
which is in turn related to the physical top quark mass M t via
The QCD and SUSY radiative corrections add about 6% and 4% respectively to the running mass to arrive at the physical top pole mass, M t = 175 ± 5 GeV [9] . It is well known now that a physical top mass of 175 GeV corresponds to the fixed point value, tan β f ≃ 1.5 at the electroweak scale [10] , which defines the lower limit of tan β in this model. Of course such a low value of tan β is ruled out by the recent LEP limit on the lightest Higgs boson (h 0 ) mass [9] , suggesting tan β > 2(4) for maximal (small) stop mixing. Substituting this value of tan β f in (4) gives
Thus over a large range of tan β, which is also favoured by the above mentioned LEP data, one has m
i.e. the H 2 mass at the electroweak scale is practically independent of its GUT scale value m 0 . This is the so called focus point phenomenon [4, 5] .
The corresponding values of the 3rd generation squark masses are
The remaining scalar masses are not driven by the top Yukawa coupling, and hence satisfy
where the subscript R represents H 1 , sleptons and the squark of the 1st two generations as well as the right-handed bottom squarkb R . Thus the minimal SUGRA model with large m 0 implies an inverted mass hierarchy, wheret R and to a lesser extentt L ,b L are lighter than the remaining squarks and sleptons, while all of them are expected to be heavier than the gluino. This in turn implies that gluino should decay dominantly via the lighter stop exchange, i.e.
where X represents any other particles like Z, h 0 and W + W − , which can result from the cascade decay. Thus one expects that the decay of a gluino pair, produced at the LHC, will give a distinctive signal containing 4b quarks and 4W bosons along with a large missing E T (E / T ), carried away by the 2 LSPs. Of course some of the signal characteristics like the presence of multiple b quarks are common to many SUSY models having inverted mass hierarchy [11] . However, we feel that the minimal SUGRA with large m 0 represents by far the most well motivated and well defined model of this kind. A distinctive characteristic of this model is the presence of multiple W bosons in the signal along with 4b quarks. It may be noted here that the LHC signature of this model has been recently considered in ref. [12] , which has not discussed however the distinctive characteristics of the model, mentioned above.
The SUSY Spectra
We have studied the radiative electroweak symmetry breaking and the resulting finetuning parameter in the m 0 − M 1/2 plane to select optimal values of these parameters and the resulting SUSY Spectra. For this purpose we have modified the radiative electroweak symmetry breaking code of ref. [13] , which uses two-loop RGE along with two-loop QCD correction to the top quark mass (eq. 6), by adding the one-loop SUSY correction to the latter [14] . Indeed this plays a very significant role in bringing down the focus point to the electroweak scale. The radiative correction to the Higgs potential in eq. (2) is evaluated using the complete one-loop result [15] . The dominant contribution can be written in terms of the average stop mass as
In order to keep this radiative correction small we shall use the minimisation condition (2) at a scale Q = m max R /2 [13] , which is close to the mean stop mass (eqs. 9-11). The resulting µ 2 is then evolved down to the electroweak scale, Q ≃ m Z , along with the other mass parameters.
The functional dependence of the electroweak scale on the SUSY parameters is determined via eq. (2). The sensitivity of this scale to fractional variations of these parameters is measured by the sensitivity coefficients
where a represents m 0 , M 1/2 and µ 1 . And the fine tuning parameter is defined by the largest of these coefficients c = max{c
It should be noted here that there is an ongoing debate on whether the sensitivity coefficients should include the variation of m 2 Z with respect to h t . On this issue we agree with the authors of ref. [4, 5] that the SM parameters like gauge and Yukawa couplings may have origins totally unrelated to SUSY. Hence, it would not be appropriate to include them in determining the natural ranges of the SUSY parameters. Fig. 1 shows the contours of this fine-tuning parameter in the m 0 − M 1/2 plane for tan β = 10. While the fine-tuning parameter is seen to increase steadily with M 1/2 , it is remarkably insensitive to m 0 . In fact for a given M 1/2 ∼ 500 GeV, one seems to require by far the least fine-tuning at m 0 = 1500 (2000) GeV for M t = 175 (180) GeV. The figure also shows the contours 2 of constant µ. The µ = 100 GeV contour defines the physical boundary, as it represents the lower limit of µ coming from chargino search at LEP [9] . This of course lies close to the no Electroweak Symmetry-breaking boundary, corresponding to µ 2 < 0 [16] . It should be noted that the value of µ and the resulting physical boundary are very sensitive to the exact value of the top quark mass. We have checked that these values agree quantitatively with those obtained using the recent version of ISASUGRA 
Therefore we choose this point for the computation of the SUSY spectra. Note that the fine tuning parameter at m 0 = 2000 GeV is about the same as at m 0 = 200 − 400 GeV. In view of the sensitivity of µ to the exact value of the top mass, we have shown in Table 1 two sets of SUSY spectra for M t = 175 as well as 180 GeV, leading to µ ≪ M 1/2 and µ ∼ M 1/2 respectively. In order to facilitate comparison with other works these SUSY spectra have been obtained by using the ISASUGRA code [17] with the above mentioned choice of scale.
The main difference between the two spectra is that one corresponds to a higgsino LSP, while the other corresponds to a gaugino LSP as in the canonical SUGRA model. We shall analyse the LHC signature for both the cases. It may be added here that although we could have gone to a still larger m 0 for M t = 180 GeV, it would make little difference to the final signature.
The LHC Signature
It is clear from the SUSY spectra of Table 1 that the dominant SUSY signal at LHC is expected to come from gluino pair-production gg(qq) →gg.
We have calculated this leading order cross-section using the CTEQ4M parametrisation [18] at a QCD scale Q = mg; and multiplied it by a K factor of 2 to account for the NLO effects [19] .
Since the gluino is expected to dacay dominantly via stop exchange, one has to take account of the Yukawa couplings of top and bottom squarks along with the gauge couplings. The relevant formulae are given ref. [20] . We have used them to calculate the branching ratios of gluino decay. The channels of eq. (12) account for an overall BR of 80% for both cases. But in the higgsino LSP case a significant fraction of this (BR ≃ 35%) corresponds to one of the W 's being off-shell due to the near degeneracy of χ ± 1 and χ 0 1 . The resulting branching fractions of gluino-pair decay into the final states of our interest are shown in Table  2 for both the cases. In the gaugino LSP case (b) the final states containing 4b4W 2χ 0 1 · · · have a BR ≃ 60%, while in the higgsino LSP case (a) the final states containing 4b3W 2χ 0 1 · · · have a BR ≃ 50% after taking into account the smaller channels not shown in Table 2 . The presence of 3-4 on-shell W bosons lead to distinctive signals in their leptonic decay channels, accompanied by multiple b-tags and a large missing-E T (E / T ), carried away by the LSP pair. They provide a robust signature for the model at the LHC, with very little SM background, as we see below.
Using a parton level Monte Carlo routine we have computed the signal cross-sections in the isolated 1-l, 2-l, same sign 2-l and 3-l channels (l = e, µ), accompanied by ≥ 3 b-tags and E / T . We have also computed the irreducible SM background in these channels from gg(qq) → tttt (18) using the MADGRAPH program [21] , with Q = M t as the QCD scale.
We have tried to simulate detector resolution by gaussian smearing of the jet and lepton energies [22] ∆E j /E j = 0.6/ E j + 0.03, ∆E l /E l = 0.15/ E l + 0.01.
The basic selection cuts are
along with the jet-separation and lepton-isolation cuts
where (∆R) 2 = (∆φ) 2 + (∆η) 2 . We also require ≥ 3 b-tags, assuming a tagging efficiency ǫ b = 0.5 per b-jet [22] . For the 1-l channel we require at least two pairs of accompanying jets with 65 GeV < m jj < 95 GeV, to simulate two accompanying W bosons. While having very little effect on the signal or the background from (18) , it helps to suppress background processes like ttbb, which would otherwise be 7-8 times larger than the signal. For the same reason we require at least one pair of accompanying jets with 65 GeV < m jj < 95 GeV in the 2-l channel, but not in the 2-l SS (same-sign dilepton) or the 3-l channels.
Figs. 2 and 3 show the signal and the background cross-sections against the accompanying E / T for the 1-l, 2-l, 2-l SS and 3-l channels for M t = 175 and 180 GeV respectively. Thanks to the accompanying LSP pair, the signal has a much harder E / T distribution than the background in each channel. Thus the signal can be effectively separated from the background by an accompanying E / T cut of 100-200 GeV. Such an E / T cut also suppresses other background processes like ttbb and W bbbb. Therefore the viability of the signature is primarily determined by the signal size. Table 3 lists the signal cross-sections in the four leptonic channels with ≥ 3 b-tags and E / T > 100 GeV. Increasing the accompanying E / T cut to 200 GeV reduces the signal cross-section by only 15%. With the expected annual luminosity of 100 fb −1 at the high luminosity run of LHC, one expects to see 30-50 signal events in the single-lepton and 10-20 events in the dilepton channel, with very little SM background. Thus one can unambiguously probe the minimal SUGRA model upto M 1/2 = 500 GeV and the largest allowed value of m 0 .
Summary
We have considered a minimal SUGRA model with a large m 0 = 2 TeV, which requires no larger fine-tuning than m 0 of a few hundred GeV. It implies an inverted hierarchy, where the lighter stop has a significantly smaller mass than the other squarks and sleptons. Depending on the exact value of the top quark mass, the LSP can be either gaugino-like or higgsino-like. In either case the inverted hierarchy ensures a robust signature at LHC in the isolated 1-l, 2-l, same-sign 2-l and 3-l channels, accompanied by ≥ 3 b-tags and a large E / T . Using this signature one can unambiguously probe the model upto M 1/2 = 500 GeV and the largest possible value of m 0 . An investigation of the signature of this model at the Tevatron collider upgrades is currently under progress.
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